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Background: Up to 40% of patients are receiving opioids at the time of total knee
arthroplasty (TKA) in the United States despite evidence suggesting opioids are inef-
fective for pain associated with arthritis and have substantial risks. Our primary objec-
tive was to determine whether preoperative opioid users had worse knee pain and
physical function outcomes 12 months after TKA than patients who were opioid-
naive preoperatively; our secondary objective was to determine the prevalence of

opioid use before and after TKA in Alberta, Canada.

Methods: In this retrospective analysis of population-based data, we identified adult
patients who underwent TKA between 2013 and 2015 in Alberta. We used multivari-
able linear regression to examine the association between preoperative opioid use and
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain
and physical function scores 12 months after TKA, adjusting for potentially con-
founding variables.

Results: Of the 1907 patients, 592 (31.0%) had at least 1 opioid dispensed before
TKA, and 124 (6.5%) were classified as long-term opioid users. Long-term opioid
users had worse adjusted WOMAC pain and physical function scores 12 months after
TKA than patients who were opioid-naive preoperatively (pain score B = 7.7, 95%
confidence interval [CI] 4.0 to 11.6; physical function score B = 7.8, 95% CI 4.0 to
11.6; p < 0.001 for both). The majority (89 ([71.8%]) of patients who were long-term
opioid users preoperatively were dispensed opioids 180-360 days after TKA, com-
pared to 158 (12.0%) patients who were opioid-naive preoperatively.

Conclusion: A substantial number of patients were dispensed opioids before and
after TKA, and patients who received opioids preoperatively had worse adjusted pain
and functional outcome scores 12 months after TKA than patients who were opioid-
naive preoperatively. These results suggest that patients prescribed opioids preopera-
tively should be counselled judiciously regarding expected outcomes after TKA.

Contexte : Jusqu’a 40 % des patients se font prescrire des opioides lors d'une chirur-
gie pour prothese totale du genou (PTG) aux Etats-Unis, et ce, malgré des données
selon lesquelles les opioides sont inefficaces pour la douleur associée a Parthrite et
comportent des risques substantiels. Notre objectif principal était de déterminer si les
patients qui utilisaient déja des opioides en période préopératoire obtenaient des
résultats plus négatifs aux plans de la douleur et du fonctionnement 12 mois apres leur
PTG, comparativement aux patients qui ne prenaient pas d’opioides avant leur inter-
vention; notre objectif secondaire était de mesurer la prévalence du recours aux opi-
oides avant et apres la PT'G en Alberta, au Canada.

Méthodes : Dans cette analyse rétrospective menée sur des données de population,
nous avons identifié les patients adultes soumis @ une PTG entre 2013 et 2015 en
Alberta. Nous avons utilisé un modéle de régression linéaire multivarié pour examiner
le lien entre l'utilisation d’opioides en période préopératoire et les scores de douleur
et de fonctionnement a I’échelle WOMAC (Western Ontario and McMaster Univer-
sities Osteoarthritis Index) 12 mois aprés la PTG, en tenant compte de potentielles
variables de confusion.

Résultats : Sur les 1907 patients, 592 (31,0 %) ont recu au moins 1 opioide avant leur
PTG, et 124 (6,5 %) en étaient considérés des utilisateurs de longue date. Les utilisa-
teurs d’opioides de longue date présentaient de moins bons scores WOMAC ajustés
pour les domaines de douleur et de fonctionnement 12 mois apres la PTG, compara-
tivement aux patients qui n’en prenaient pas avant l'intervention (score de douleur
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B = 7,7, intervalle de confiance [IC] de 95 % 4,0 a 11,6; score de fonctionnement f =
7,8, IC de 95% 4,0 a 11,6; p < 0,001 pour les 2 domaines). La majorité (89 [71,8 %])
des patients utilisateurs d’opioides de longue date avant 'intervention se sont fait ser-
vir des opioides 180-360 jours apres la PTG, comparativement a 158 patients
(12,0 %) qui n’en prenaient pas avant l'intervention.

Conclusion : Un nombre substantiel de patients ont recu des opioides avant et aprés
la PTG, et ceux qui en prenaient avant I'intervention présentaient des scores de dou-
leur et de fonctionnement ajustés plus défavorables 12 mois apres la PTG, compara-
tivement aux patients qui n’en prenaient pas avant I’intervention. Selon ces résultats, il
faut adresser des conseils judicieux aux patients qui sont déja sous opioides en période
préopératoire et les informer des résultats possibles de la PTG.

ver the past 20 years, the number of opioids pre-
O scribed to manage arthritis has increased dramatic-

ally in North America despite emerging evidence
suggesting that opioids provide no benefit compared to
alternatives such as acetaminophen and ibuprofen.'™
These findings were reflected in the most recent Canadian
and US guidelines for opioids for chronic noncancer pain,
which recommend a much more limited role for opioids to
manage pain associated with arthritis."” However, 40% of
patients are still prescribed opioids before total knee
arthroplasty (TKA) in the United States."® To our know-
ledge, the prevalence of preoperative opioid prescriptions
has not been reported in Canada. It is also unknown
whether TKA reduces opioid consumption substantially in
these patients, and there is growing concern that TKA may
be a risk factor for long-term opioid therapy as a result of
excessive postoperative opioid-prescribing practices.”!!

As pressure to practise appropriate opioid stewardship
grows, prescription of opioids before TKA has prompted
substantial research and clinical interest.'"""® Patients pre-
scribed opioids before TKA are reported to have higher
90-day complication rates and rates of revision surgery
within 1 year of TKA than patients who were opioid-naive
preoperatively.®!¢ Patients prescribed opioids preopera-
tively also had worse pain and lower functional improve-
ment after TKA than those who were not prescribed pre-
operative opioids.'*'*” However, these studies failed to
account for important differences, such as rates of depres-
sion and preoperative pain, and functional scores between
the 2 groups.” Given that these additional patient factors
are also associated with both long-term opioid use and
worse clinical outcomes after TKA, the extent to which
opioid use independently affects clinical outcomes remains
uncertain. 82

The primary objective of this study was to determine
whether patients with long-term opioid use before TKA
had worse self-reported knee pain and lower functional
outcome scores 12 months after TKA than those who did
not use opioids preoperatively, controlling for potential
confounding factors. Our secondary objective was to deter-

mine the prevalence of opioid use before and after TKA in
Alberta, Canada.
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METHODS
Study design

In this retrospective review of individual-level data, we
identified patients who underwent primary elective unilat-
eral TKA between Jan. 1, 2013, and Dec. 31, 2015, in 1 of
13 hospitals in Alberta. Patients who underwent contralat-
eral TKA were included only once, for the first procedure.
Patients were excluded if they underwent contralateral
TKA or revision TKA within 12 months of the index pro-
cedure. Patients with missing data (comorbidity, or preop-
erative or 12-month postoperative Western Ontario and
McMaster Universities Osteoarthritis Index [WOMAC]
score’!) were also excluded. We followed the Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines.?” The study protocol was
approved by the Research Ethics Board at the University
of Alberta (Pro00076296).

Data sources

We obtained surgical data from the Alberta Bone and Joint
Health Institute (ABJHI), a nonprofit third-party organiza-
tion that collects provincial data for all TKA procedures
performed in Alberta. All adult (age > 18 yr) patients who
underwent elective TKA in the data set were flagged with
the use of TKA-specific codes of the enhanced Canadian
version of the International Statistical Classification of Diseases
and Related Health Problems, 10th Revision (Appendix 1,
Supplemental Table S1, available at canjsurg.ca/007319-al).
The ABJHI captured prespecified preoperative comorbid-
ities from the Canadian Institute for Health Information
electronic abstract for each patient (Appendix 1, Supple-
mental Table S1). The institute also collected preoperative
and 12-month postoperative WOMAC scores from the
6 centralized multidisciplinary hip and knee intake clinics
in the province.

We obtained opioid data from the Pharmaceutical Infor-
mation Network, a provincial repository that maintains
individual-level pharmacotherapy records and includes dis-
pensing information from all community pharmacies in



Alberta, regardless of insurance coverage. A record is cre-
ated in the network each time a medication is dispensed
from a pharmacy in the province and contains the Drug
Identification Number, Anatomical Therapeutic Chemical
code, date dispensed, dosage and duration (days supplied).
Each Pharmaceutical Information Network entry is linked
to the patient’s Unique Lifetime Identifier, a unique num-
ber assigned to all people who receive health care services
in the province. Each patient’s Pharmaceutical Information
Network profile was queried by means of opioid-specific
Anatomical Therapeutic Chemical codes for the 365 days
before and after the index surgery to determine his or her
opioid-dispensing history (Appendix 1, Supplemental
Table S2). The end date for each dispensation was then cal-
culated by adding the duration to the dispensing date for
each Pharmaceutical Information Network entry.

We converted individual opioid prescriptions to a daily
morphine equivalent dose (MIED) by multiplying the daily
dosage for each opioid by the corresponding MED to
allow for standardized comparison across different opioid
compounds.! Morphine conversion factors were based on
published conversion factors? that align with Canadian
opioid-prescribing guidelines.! We classified opioid com-
pounds as weak (tramadol and codeine) or strong (all
remaining opioids).?*

We linked all data sets deterministically using patients’
Unique Lifetime Identifiers, which had been scrambled by
means of an algorithm that deidentified them but still pre-
served the ability to link across data sets.

Primary outcomes

The primary outcomes of interest were WOMAC pain
and physical function scores 12 months after TKA. The
WOMAC is a validated disease-specific patient-reported
outcome instrument used to measure joint pain, stiffness
and physical function.?! Scores ranging from 0 to 100 are
generated for each domain with the use of a Likert scale,
with higher scores indicative of better outcome.

Classification of opioid use

Patients with long-term opioid use before TKA were
defined as those who had 90 days or more of continuous
opioid dispensing within 180 days before the procedure.
These parameters were consistent with the definition of
long-term opioid therapy.” Patients with intermittent opi-
oid use preoperatively had recorded opioid dispensing
within 180 days before TKA but did not meet the thresh-
old parameters for long-term opioid use. Patients who
were opioid-naive preoperatively did not have recorded
opioid dispensing within 180 days before TKA. The 180-
day opioid-free period has been previously used in studies
investigating long-term opioid therapy and is the estab-
lished threshold for opioid discontinuation.?%*’

RESEARCH

We defined those with long-term, intermittent or no
opioid use postoperatively using the same parameters as we
used to define preoperative opioid use, but the medication
use period was increased from 180 days to 360 days after
the index TKA procedure. The maximum allowable refill
gap between prescriptions in an opioid use episode was
14 days or 0.5 times the preceding prescription length,
whichever was greater.?®?’

Covariates

Clinically meaningful demographic and medical variables
were age, sex, preoperative WOMAC pain score,
WOMAC physical function score, history of stroke, pul-
monary disease, cardiac disease, liver disease, renal dys-
function, diabetes, obesity and depression. We chose these
covariates to include factors thought to influence postoper-
ative clinical outcome scores after TKA and account for
potential confounders.?*-3

Statistical analysis

We used descriptive statistics to characterize preoperative
opioid-dispensing patterns including dosage (MED) and
duration. We reported medians and interquartile ranges
(IQRs) for nonparametric variables, and means with 95%
confidence interval (CI) or standard deviation (SD) if vari-
ables were normally distributed. We compared continuous
outcomes using the Student ¢ test or 1-way analysis of vari-
ance for normally distributed variables. We used a post hoc
Bonferroni correction to determine pairwise differences
between groups. We presented differences between pre-
and postoperative opioid use as percent difference.’’

To examine the effects of preoperative opioid use,
12-month WOMAC pain score and 12-month WOMAC
physical function score, we developed separate multivari-
able regression models for each outcome. We determined
final parsimonious models for 12-month WOMAC pain
score and physical function score using a purposeful selec-
tion procedure with predictors deemed significant (p < 0.2)
after univariate analysis carried forward to the multivari-
able model. Age and sex, deemed clinically meaningful,
were force entered in the model regardless of their statis-
tical significance. Forward, backward and stepwise selec-
tion with adjusted R?, the Akaike information criterion, the
Bayesian information criterion, the Schwarz Bayesian cri-
terion and Mallows Cp cross-validation as criteria showed
the final models to be robust to the selection procedure
used. We produced model diagnostics and influential plot
based on the Cook distance to check model assumptions
and fit. No collinearity among continuous predictors was
noted with the Pearson correlation coefficient. Significance
was set at p < 0.05. We used SAS version 9.4 (SAS Insti-
tute) for data linkage and preparation, and Stata version 13
(StataCorp) for final regression models.
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RESuULTS

Of the 16049 patients who underwent primary elective
TKA between 2013 and 2015 in Alberta, 14142 were
excluded: 3813 underwent contralateral TKA within
1 year, 94 underwent revision TKA within 1 year, 250 had
missing comorbidity data, and 9985 had a missing preoper-
ative or 12-momth WOMAC score. The remaining
1907 patients constituted our study cohort. The character-
istics of excluded patients were comparable to those of the
study population (Appendix 1, Supplemental Tables S3
and S4).

The mean age of the study population was 66.6 (SD
8.7) years, and 1234 patients (64.7%) were female. A total
of 540 patients (28.8%) were obese, 388 (20.3%) had a his-
tory of diabetes, and 301 (15.8%) had a history of depres-
sion (Table 1). Almost one-third of patients (592 [31.0%])
had at least 1 opioid prescription dispensed within
180 days before surgery, and 124 (6.5%) were classified as
long-term opioid users preoperatively.

A total of 1970 individual opioid prescriptions dispensed
within 180 days before TKA were identified, 918 in the
long-term use group and 1052 in the intermittent use
group. Long-term users had a higher number of strong
opioids dispensed than intermittent users (420 v. 144), and

intermittent users had a higher number of weak opioids dis-
pensed than long-term users (908 v. 498). Patients with
long-term opioid use preoperatively were younger than
those who were opioid-naive preoperatively (mean age 64.0
[SD 8.5] yr v. 66.9 [SD 8.5] yr, p < 0.001), and between-
group differences were observed in rates of obesity, depres-
sion, history of stroke, liver disease, cardiac disease and pul-
monary disease, but not diabetes or renal disease (Table 1).

There were significant differences in the preoperative
WOMAC pain and physical function scores among the
3 groups (Table 1). Patients who were opioid-naive preop-
eratively had higher preoperative pain and physical function
scores than those with long-term or intermittent opioid use
preoperatively (p < 0.001 for both).

Pain and physical function at 12 months

Patients with long-term opioid use preoperatively had a
mean 12-month WOMAC pain score of 69.0 (95% CI 64.5
to 73.5) and a mean physical function score of 67.9 (95%
CI 63.5 to 72.4) (Figure 1). The corresponding values for
those with intermittent opioid use preoperatively were 73.0
(95% CI 71.7 to 76.1) and 71.3 (95% CI 69.3 to 73.3).
Patients who were opioid-naive preoperatively had a sig-
nificantly higher mean pain score (80.3, 95% CI 79.2 to

Table 1. Baseline characteristics of patients who underwent total knee arthroplasty in Alberta, 2013-2015, by preoperative opioid

use*
Preoperative classification; no. (%) of patientst
Total cohort Opioid-naive Intermittent opioid use Long-term opioid use
Characteristic n=1907 n=1315 n =468 n=124 pvalue
Age, mean + SD, yr 66.6 + 8.7 66.9 + 8.5 66.1 +9.2 64.0 + 8.5%% 0.002
Sex
Female 1234 (64.7) 845 (64.3) 309 (66.0) 80 (64.5)
Male 673 (35.3) 470 (35.7) 159 (34.0) 44 (35.5) 0.8
Comorbidities
Depression 301 (15.8) 176 (13.4) 87 (18.6) 38 (30.6) < 0.001
Stroke 28 (1.5) 18(1.4) 7 (1.5) 3(2.4) < 0.001
Pulmonary disease 168 (8.8) 105 (8.0) 41(8.8) 22 (17.7) 0.001
Cardiac disease 456 (23.9) 295 (22.4) 122 (26.1) 39 (31.4) 0.04
Diabetes 388 (20.3) 253 (19.2) 102 (21.8) 33 (26.6) 0.1
Renal disease 48 (2.5) 29(2.2) 15(3.2) 4(3.2) 04
Obesity 549 (28.8) 356 (27.1) 149 (31.8) 44 (35.5) 0.04
Liver disease 22(1.2) 13 (1.0) 8(1.7) 1(0.8) 0.03
Mean preoperative WOMAC score (95% Cl)
Pain 45.9 (45.0 to 46.7) 47.6 (46.6 to 48.5) 42.4 (40.8 t0 44.0) 40.6 (37.4 t0 43.9)% < 0.001
Physical function 45.5 (44.8 t0 46.3) 47.0 (46.0 to 47.0) 42.9 (41.3 t0 44.4) 40.5 (37.5t0 43.6)% < 0.001
Preoperative opioid use
Median MED (IQR) 3.3(15.3) — 4.6 (9.4) 58.2 (79.3) < 0.001
No. of days in previous 180 d on 45.4 (41.7 t0 49.1) — 34.4 (31.5t037.3) 152.6 (148.0 to 157.2) < 0.001
which opioid used, mean (95% Cl)
Cl = confidence interval; IQR = interquartile range; MED = morphine equivalent dose; SD = standard deviation; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
*Analysis of variance for cohort and Bonferroni corrections were used for multiple pairwise comparisons for normally distributed continuous variables.
TExcept where noted otherwise.
+p < 0.05 for difference between opioid-naive patients and long-term opioid users.
§p < 0.05 for difference between intermittent and long-term opioid users.
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Fig. 1. Unadjusted pre- and postoperative Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain and phys-
ical function scores, stratified by preoperative opioid use. Scores were standardized to 100, with 100 representing the best possible

score. Error bars represent standard deviation.

81.5) and physical function score (72.2, 95% CI 70.1 to
74.2) than long-term opioid users and intermittent opioid
users (p < 0.001 for all) (Figure 1).

Preoperative opioid use was associated with worse
12-month pain and physical function outcomes than no opi-
oid use preoperatively (Table 2). Age, lower preoperative
WOMAC scores, cardiac disease, liver disease, pulmonary
disease, diabetes and depression were also associated with
worse 12-month pain scores on univariable analysis. Lower
preoperative physical function scores, obesity, cardiac dis-
ease, pulmonary disease and depression were all associated
with lower 12-month physical function scores.

After adjustment for preoperative pain and physical
function scores, age, sex, depression, pulmonary disease,
cardiac disease and liver disease, both intermittent and
long-term opioid use preoperatively were still associated
with worse 12-month pain scores compared to no opioid
use preoperatively (Table 2). Similarly, after we controlled
for age, sex, depression, diabetes, pulmonary disease and
cardiac disease, 12-month physical function scores were
on average 5.2 (95% CI 3.1 to 7.4) units worse for inter-
mittent opioid users and 7.8 (95% CI 4.0 to 11.6) units
worse for long-term opioid users than for opioid-naive
patients (Table 2).

Significant interactions were found between opioid use
and depression in both pain and physical function models
(Appendix 1, Supplemental Tables S5 and S6). Long-term
opioid users with a history of depression had 12-month

pain scores that were on average 13.3 (95% CI 5.9 to
20.7) units lower and physical function scores that were on
average 14.9 (95% CI 7.8 to 22.0) units lower than those
for opioid-naive patients without a history of depression.

Postoperative opioid use

A total of 1606 individual opioid prescriptions dispensed
180-360 days postoperatively were identified, 871 among
those with long-term opioid use preoperatively and 735
among those with intermittent opioid use preoperatively.
Of the 1907 patients, 448 (23.5%) were dispensed opioids
during this period: 158 (12.0%) of those who were opioid-
naive preoperatively, 201 (42.9%) of those with intermit-
tent opioid use preoperatively and 89 (71.8%) of those
with long-term opioid use preoperatively (Figure 2).
Codeine, tramadol and oxycodone were the most com-
monly dispensed opioids both pre- and postoperatively
(Table 3). There was no difference in mean treatment
duration between preoperative and postoperative prescrip-
tions (23.4dv. 25.8d,p=0.6).

Discussion

Using established parameters to define long-term opioid
therapy and adjusting for significant differences in patient
characteristics, including a history of depression and pre-
operative WOMAC pain and functional scores, we found

Can J Surg/J can chir 2021;64(2)  E139



RECHERCHE

Table 2. Unadjusted and adjusted parameter estimates for Western Ontario and McMaster Universities Osteoarthritis Index pain

and physical function scores 12 months postoperatively

Pain Physical function
Crude B Adjusted B Crude B Adjusted
Variable (95% Cl) p value (95% Cl) p value (95% Cl) p value (95% Cl) p value
Sex 0.3 0.99 0.1 0.6
Female 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Male 1.2(-091to 3.3) -0.1(-2.0t0 2.0) 1.6 (-0.4 t0 3.6) 0.6 (-1.4t0 2.5)
Age 0.2 (0.1t00.3) 0.003 0.1(-0.1t00.2) 0.08 0.1(-0.1t0 0.1) 0.8 0.1(-0.1t0 0.1) 0.8
Preoperative 0.4(0.3t00.4) < 0.001 0.3(0.3t00.4) < 0.001 0.4(0.4t00.5) < 0.001 0.4(0.3t00.4) < 0.001
WOMAC score
Preoperative opioid use
Opioid-naive 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Intermittent —6.4 (-8.7 to —4.1) < 0.001 -43(-6.6t0-2.1) <0.001 -7.0 (-9.3t0 -4.8) < 0.001 —5.2 (-7.41t0-3.1) < 0.001
Long-term -11.4 (-15.4t0 -7.3) < 0.001 -7.7(-1161t0-3.7) <0.001 -11.3(-15.2t0-7.4) < 0.001 -7.8(-116t0-4.00 < 0.001
Comorbidities
Depression —5.2(-7.9t0-2.4) < 0.001 -2.6 (-5.3t00.1) 0.06 -5.5(-8.0t0-2.7) < 0.001 -2.8(-5.3t0-0.3) 0.03
Diabetes —5.4(-7.8t0-2.9) < 0.001 -3.7 (-6.0t0 -1.3) 0.002 -4.5 (-6.8t0 -2.0) < 0.001 -2.5(-4.810-0.2) 0.03
Cardiac disease -3.2(-5.5t0-0.8) 0.008 -2.3 (4.7 t0-0.1) 0.048 -3.9(-6.2t0-1.6) 0.001 -2.2(-4.4t00.1) 0.06
Liver disease -9.2(-18.6t00.1) 0.05 -8.0(-16.91t00.9) 0.08 —6.5(-15.510 2.6) 0.2 — —
Pulmonary -4.6 (-8.1t0o-1.1) 0.01 -3.3(-6.7t00.1) 0.05 -5.3(-8.7t0-1.9) 0.002 -2.9(-6.2100.3) 0.08
disease
Obesity -2.1(-4.3100.2) 0.07 — — 2.2 (-4.41t0-0.1) 0.04 — —
Stroke -2.9(-11.2t05.5) 0.5 — — -3.6(-11.6t04.5) 0.4 — —
Renal disease -3.9(-10.3t0 2.5) 0.2 — — -4.7 (-10.8t0 1.5) 0.1 — —

Cl = confidence interval;, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Preoperative opioid-naive

. Postoperative
no opioid use

Postoperative intermittent

opioid use

Preoperative intermittent opioid use

[l Postoperative
no opioid use

opioid use

Postoperative intermittent

] Postoperative long-term

| Postoperative long-term
opioid use

opioid use

Preoperative long-term opioid use

. Postoperative
no opioid use

Postoperative intermittent
opioid use

[ | Postoperative long-term
opioid use

Fig. 2. Waffle chart showing changes in patients’ opioid use after total knee arthroplasty, by preoperative opioid use. Each cell
represents 1%.
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Table 3. Pre- and postoperative opioid use, stratified by preoperative opioid use

Total cohort, % Intermittent opioid use, % Long-term opioid use, %
Percent Percent Percent

Opioid Preoperative  Postoperative  difference*  Preoperative Postoperative  difference* Preoperative Postoperative  difference*®
Codeine 40.25 37.04 -3.21 50.76 53.06 2.30 28.21 23.62 -4.59
Tramadol 31.12 27.97 -3.15 35.55 32.93 -2.62 26.03 23.74 -2.29
Oxycodone 11.22 18.58 7.36 5.32 8.98 3.66 17.97 26.61 8.64
Morphine 6.45 2.86 -3.59 1.81 1.36 -0.45 11.76 4.13 —-7.63
Hydromorphone 5.63 7.40 1.87 3.23 2.86 -0.37 8.17 11.24 3.07
Fentanyl 0.76 4.60 3.84 0.76 0.00 -0.76 0.76 8.49 7.73
Othert 4.67 1.55 -3.12 2.58 0.81 -1.77 7.08 217 -4.91
*Postoperative — preoperative.
TOpium, buprenorphine, meperidine-pethidine and tapentadol.

that patients with long-term opioid use preoperatively had
worse pain and physical function outcomes 12 months
after TKA than patients who had not used opioids preop-
eratively. The difference between the 2 groups approached
the threshold considered clinically important for
WOMAC pain and physical function scores after TKA.*®
These results substantiate previous findings that patients
prescribed opioids preoperatively had worse clinical out-
comes after TKA than those who were not, even after risk
adjustment.’>15173%4% However, previous investigators used
crude parameters to classify preoperative opioid use and
did not adjust for important group differences, such as
worse preoperative pain and physical function scores and
higher rates of depression among those prescribed opioids
preoperatively.!317:3?

Opioid-induced hyperalgesia has been hypothesized
to explain why patients with opioid use preoperatively
have worse pain and functional outcomes after TKA.!?
Opioid-induced hyperalgesia is a process whereby
patients receiving long-term opioid treatment have a
paradoxically increased response to painful stimuli.20*+
Chu and colleagues* prospectively evaluated opioid-
induced hyperalgesia in patients with chronic pain;
1 month after starting oral morphine therapy, patients
reported hyperalgesia, whereas controls did not. Cohen
and colleagues® reported that patients receiving long-
term opioid therapy had higher pain intensity scores and
worse patient-reported unpleasantness scores than
patients who were not exposed to opioids. It is thought
that long-term opioid therapy can disrupt the endogen-
ous opioid system in regions of the brain such as the lim-
bic system and alter how a person interprets pain and
perceives disability.?0°

Similar to US reports,”!!* a substantial proportion
(31.0%) of patients in the current study were dispensed
opioids within 180 days before TKA, and 6.5% were long-
term opioid users. In contrast, in an Australian study, 5%
of patients awaiting TKA were considered opioid users.*
Although it may appear that there were lower rates of pre-
operative opioid use in the Australian study than in the US

studies, definitional parameters (e.g., crude refill-based def-
initions used in the US studies) may have affected the
reported rates, in addition to possible physician- and
geography-specific prescribing practices.””!*** Hansen
and colleagues® used parameters that aligned more closely
with our definition of long-term opioid use and reported
an overall opioid dispensing rate before TKA of 38.6%,
comparable to our observed rate of 31%.

The absolute number of opioids dispensed in our
cohort was reduced after TKA, but the proportion of
strong opioid prescriptions dispensed increased postoper-
atively. This is concerning, as strong opioids such as oxy-
codone and hydromorphone have higher rates of misuse
and abuse.! In addition, few patients who were opioid-
naive preoperatively transitioned from short-term to long-
term use after TKA, but 44% of those with long-term
opioid use preoperatively remained long-term users after
TKA. These results are consistent with those of
Hadlandsmyth and colleagues,’® who reported that 2% of
US veterans who were opioid-naive before TKA were
long-term opioid users 1 year after TKA, and 57% of
those who were long-term opioid users preoperatively
remained long-term users at 1 year; in addition, a substan-
tial number of patients had intermittent opioid dispensing
postoperatively. This raises concerns, as with every extra
day that a patient is prescribed opioids, the likelihood of
transitioning to long-term opioid therapy increases.*

Limitations

A strength of our study was our ability to detect opioid use
within a province-wide database that represents a general
population, as Canada provides universal coverage of phys-
ician and hospital services to all residents and our findings
were not restricted to a single centre or surgeon. In addi-
tion, our comprehensive database and methodology not
only enabled detailed analysis of each prescription’s forma-
tion, dosage and duration both preoperatively and postop-
eratively, but also allowed us to relate preoperative opioid
use to adjusted postoperative WOMAC scores.
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Limitations include the assumption that opioid dis-
pensing is a surrogate for patient consumption. How-
ever, it has been reported that administrative data are
more accurate than patient-reported use; patients under-
reported opioid use by as much as 46% before TKA
owing to the perceived stigma of disclosing opioid use to
physicians.** A substantial number of patients who had
incomplete WOMAC scores were excluded from our
cohort. This is not unexpected: Alberta is the fourth-
largest Canadian province in both size and population,
with about 4 million residents distributed across more
than 600 000 km?, which causes follow-up challenges for
Alberta’s centralized hip and knee clinics, as patients are
often asked to travel long distances to attend appoint-
ments. However, the clinical characteristics of patients
with incomplete WOMAC data were comparable to
those of patients who were included in the study. These
findings are consistent with those of Choi and col-
leagues,* who reported that the characteristics and post-
operative WOMAC scores of patients who attended
follow-up after TKA were similar to those of patients
who did not. Owing to the limitations of our data set, we
were not able to determine whether wait time to surgery
influenced opioid use or outcomes after TKA. Finally,
our surgical data were complete up to Dec. 31, 2015, and
opioid data to Dec. 31, 2016. Future work detailing how
opioid prescribing changed in response to Canada’s opi-
oid prescribing guidelines, published in 2017," will pro-
vide important information to health care providers and
policy-makers.

CONCLUSION

A substantial number of patients were dispensed opioids
before and after TKA. Patients who received opioids
preoperatively had worse adjusted WOMAC pain and
functional outcome scores 12 months after TKA than
patients who were opioid-naive preoperatively. Our
results support North America’s movement to transition
away from opioids to manage chronic pain associated
with arthritis, as these patients have been shown to have
worse patient-reported outcomes after TKA and are
more likely to remain long-term opioid users postopera-
tively.!” With the introduction of opioid stewardship,
postoperative opioid-prescribing practices are increas-
ingly being scrutinized in recognition that a subset of
patients are at risk for persistent opioid use after TKA.
More research is needed to further understand risk fac-
tors associated with persistent postoperative opioid use
and whether standardized, evidence-based opioid-
prescribing programs can reduce the duration and
dosage postoperatively.
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